Introduction {#sec1-1}
============

The fingerprint analysis is commonly used for forensic human identification; however, in situations with soft tissue destruction as carbonization or decomposition, the forensic anthropology plays an important role since it interprets qualitative or quantitative information of the skeleton.\[[@ref1]\]

The great extension of Brazil and its ancestral diversity cause no prevalence of specific phenotypic traits on the Brazilian bone structures, but miscellanea among leucodermas, melanodermas, and xanthodermas characteristics. This context can generate a situation which a melanoderma woman can be bigger than a xanthoderma man, which may complicate the gender determination by simple qualitative examination. Such matter becomes more complicated since the possibility of existence of undifferentiated individuals which male and female characteristics are mixed.

The sex determination is considered the main part of the anthropometric study, being highly important, as example, in a disaster situation, allowing separation of male from female bones, which speeds up the whole process of identification,\[[@ref2]\] since the anthropometry is considered a secondary method of identification, helping the primary methods according to the International Criminal Police Organization (Interpol).\[[@ref3]\]

The DNA examination also lets with high precision of the gender determination but may not determinate with precision of the ancestry due to the high degree of miscegenation among Brazilians.\[[@ref4][@ref5][@ref6]\] In addition, it must be noted that some factors such as immersion in chemical products, or even sea water and natural degradation of the necrotic tissues, can make the gene study not viable in 73.68%.\[[@ref7]\]

The human skeletons present differential characteristics such as prominences, rugosity, crests, apophysis, and lengths, which characterize the sexual dimorphism.\[[@ref8][@ref9]\] The morphological analysis of the bony pelvis represents the most credible technique for sex estimation;\[[@ref10][@ref11]\] however, the skeleton may be incomplete; missing the pelvis, or the bony pelvis, may be not well preserved preventing its analysis.\[[@ref11]\] Hence, it is essential to develop methods which permit sex estimation using other bones from the skeletal.\[[@ref10][@ref12]\]

At crime scenes, the most found bones are the skull, the femur, and the jaw,\[[@ref13]\] but there is a huge possibility to find the atlas vertebra in these cases. The vertebrae are considered the best preserved skeletal bones in many cases,\[[@ref11]\] such as mass disasters.

The first cervical vertebra named atlas is articulated with the occipital bone, in the occipitoatloid joint, allowing the head movements. It has a particular shape and is easily distinguished from the other vertebrae. Measurements of the vertebral dimensions are considered the best predictors of sex after the pelvic elements.\[[@ref11]\] The closing age at atlas\' anterior synchondroses also has distinct differences between sexes.\[[@ref14]\]

In Brazil, the sex determination by linear measurements of the bones is widely used because of the several kinds of death in which the corpses are damaged. Thus, from the possibility to determine sex through the analysis of atlas vertebra, this study becomes important to develop a mathematical model for this purpose to be used in the Brazilian population.

Materials and Methods {#sec1-2}
=====================

This project was approved by the local research ethics committee (CAAE 38522714.6.0000.5418).

A total of 191 atlas vertebrae selected from the osteological collection of the Forensic Physical Anthropology Laboratory Prof. Eduardo Daruge of the Piracicaba Dental School, placed at the Southeast region of the country, were analyzed. The selected bones, legally donated for the laboratory, belonged to the individuals whose families were no longer alive or did not request the corpse remains for socioeconomic reasons, during a period of 3--5 years.

Linear measurements were obtained using a digital caliper (Stainless-Hardened^®^-150 mm, Mauá, São Paulo, Brazil). Four measurements were made in each atlas vertebrae: anteroposterior diameter of the atlas (variable A), anteroposterior diameter of the rachidian canal (variable B), transverse diameter of the rachidian canal (variable C), and maximum transverse diameter of the atlas (variable D) \[[Table 1](#T1){ref-type="table"}\].

###### 

Classification and identification of variables of the study

  ---------------------------------------------------------------------------------------------------------------------------------
  Type                                                   Variables                                    Classification   Category
  ------------------------------------------------------ -------------------------------------------- ---------------- ------------
  Dependents                                             Sex                                          Qualitative      M=Male\
                                                                                                                       F=Female

  Independents                                           Anteroposterior diameter of the atlas (A)\   Quantitative     Continuous
                                                         ![](JFDS-11-158-g001.jpg)                                     

  Anteroposterior diameter of the rachidian canal (B)\   Quantitative                                 Continuous       
  ![](JFDS-11-158-g002.jpg)                                                                                            

  Transverse diameter of the rachidian canal (C)\        Quantitative                                 Continuous       
  ![](JFDS-11-158-g003.jpg)                                                                                            

  Maximum transverse diameter of the atlas (D)\          Quantitative                                 Continuous       
  ![](JFDS-11-158-g004.jpg)                                                                                            
  ---------------------------------------------------------------------------------------------------------------------------------

Inter- and intra-examiner tests were carried out to verify the researcher\'s calibration. For this calibration, 25 skeletons with discriminated gender, ancestry and age, had they atlas vertebrae measured by two examiners in three different occasions, to obtain the percentage of inter- and intra-examiner agreement. Moreover, once calibrated with the standard of excellence, the principle sample composed of 191 atlas vertebra was finally measured by one examiner.

The data were analyzed using IBM® SPSS® 25 USA statistics program. Then, we used the Kolmogorov--Smirnov test to check the normality of the data and also used an unpaired *t*-test to test the hypothesis if exists a sexual dimorphism between the measurements. Using the stepwise-forward Wald method was obtained a logistic regression. By the way, was determined the Pearson\'s correlation for all variables on the selected model.

Results {#sec1-3}
=======

The intraclass correlation (ICC) coefficient for both inter- and intra-examiner agreements was excellent for the four studied measurements (ICC ≥0.75), indicating that all the measurements made in this study can be reproduced. The gender distribution of the principle sample was made accordingly to the frequency \[[Table 2](#T2){ref-type="table"}\] and percentage \[[Figure 1](#F1){ref-type="fig"}\].

###### 

Gender distribution of the principle sample

           Frequency
  -------- -----------
  Male     110
  Female   81
  Total    191

![Gender distribution of the principle sample (%)](JFDS-11-158-g005){#F1}

Since the sample was composed of 191 atlas vertebra, the data were collected and were made a Kolmogorov--Smirnov test to check this normality, and the variables which presented statistical significance were A, C, and D (significance \>0.05) \[[Table 3](#T3){ref-type="table"}\]. Therefore, these variables can be submitted to parametric tests. On the other hand, the variable B did not obtain statistical significance, and for this reason, it was not submitted to parametric tests.

###### 

Normality test

      Kolmogorov-Smirnov         
  --- -------------------- ----- ---------
  A   0.043                191   0.200\*
  B   0.077                191   0.007
  C   0.051                191   0.200\*
  D   0.056                191   0.200\*

\*This is a lower bound of the true significance

Then, a descriptive analysis was made, using as mean the measurements of central tendency, and as standard deviation the measures of dispersion, specified regarding sex \[[Table 4](#T4){ref-type="table"}\].

###### 

Descriptive statistical regarding sex

  Variables regarding sex   Mean (mm)±SD                   
  ------------------------- -------------- ------- ------- -------
  A                         42.28          45.36   ±2.85   ±2.90
  B                         30.08          31.33   ±2.16   ±3.01
  C                         28.11          29.00   ±2.65   ±2.11
  D                         70.87          78.83   ±5.58   ±5.11

SD: Standard deviation

The mean measurements of all four variables for male were higher than for female, and a major discrepancy between the sexes was observed for the maximum transverse diameter of the atlas (variable D). Considering both sexes, the transverse diameter of the rachidian canal (variable C) obtained the best results of standard deviation that is the lower values (±2.65 for females and ± 2.11 for males). The maximum transverse diameter of the atlas (variable D) achieved the worse results for standard deviation (±5.58 for female and ± 5.11 for male).

An unpaired *t*-test was performed for the independent samples regarding sex \[[Table 5](#T5){ref-type="table"}\], and applying this test was observed acceptance about hypothesis that exists significant sex differences for all four measures assessed, since the significance was \<0.05.

###### 

Unpaired *t*-test for the independent samples regarding sex

      Levene's test for equality of variances   *T*-test for equality of means                                                     
  --- ----------------------------------------- -------------------------------- ------- ----- ------- ------- ------- ----------- -------
  A   0.255                                     0.614                            7.309   189   0       3.083   0.421   2.2515996   3.916
  B   0.439                                     0.508                            3.186   189   0.002   1.253   0.393   0.4772881   2.028
  C   2.163                                     0.143                            2.575   189   0.011   0.889   0.345   0.2080703   1.570
  D   0.022                                     0.883                            10.23   189   0       7.967   0.778   6.4308775   9.503

SE: Standard error, CI: Confidence interval

All four variables were tested and were applied the logistic regression for sex determination by the stepwise-forward Wald method. The variables A and D were selected by established the best model \[[Table 6](#T6){ref-type="table"}\].

###### 

Stepwise-forward Wald logistic regression analysis for sex determination - variables in model

             *B*       SE      Wald     Degrees of freedom   Significant   Exp (B)   95% CI   
  ---------- --------- ------- -------- -------------------- ------------- --------- -------- -------
  A          0.183     0.073   6.351    11                   0.012         1.201     1.041    1.384
  D          0.230     0.043   29.318   11                   0.000         1.259     1.158    1.369
  Constant   −24.970   3.709   45.318   11                   0.000         0.000              

SE: Standard error, CI: Confidence interval

Logit = −24.970 + 0.183 × A +0.230 × D.

Finally, a Pearson\'s test was realized only with the selected variables of the model, and this way, all the correlations were significant in the level of 0.01, with a strong correlation \[[Table 7](#T7){ref-type="table"}\].

###### 

Pearson's correlation test between the model variables

                             Pearson's correlation   A           D
  -------------------------- ----------------------- ----------- -----------
  A                          Pearson correlation     1           0.553\*\*
  Significant (two-tailed)                            0.000      
  *n*                        191                     191         
  D                          Pearson correlation     0.553\*\*   1
  Significant (two-tailed)   0.000                               
  *n*                        191                     191         

\*\*Correlation is significant

The developed logit results in 81.2% accuracy, 85.5% sensitivity, and 75.3% specificity, therefore, being more effective in sex determination than a mere random hit, in other words, to be considered as "male" values must be higher than 0.5 and to be considered as "female" values must be lower than 0.5 \[[Table 8](#T8){ref-type="table"}\].

###### 

Frequency distribution of correct percentages of sex determination

                Predicted        
  ------------- ----------- ---- ------
  Female        61          20   75.3
  Male          16          94   85.5
  Overall (%)                    81.2

Discussion {#sec1-4}
==========

For results be more reliable, the choice of a method for sex estimation must be based on the reference population used for it creation; in other words, this population must have proportions as similar as possible with the population being investigated,\[[@ref10]\] and it explains the importance of this study. In addition, in most forensic cases with fragmentary skeletons, the professional responsible for the identification process did not know the race of the unidentified victim.\[[@ref12]\]

The results obtained in this study indicate that the mean measurements of all four variables for men were higher than for women. Such situation is according to another international researchers which assessed linear measurements of the first cervical vertebra\[[@ref15]\] and the 12^th^ thoracic vertebra.\[[@ref16]\]

An accuracy of at least 80% makes a method of sex estimation to be considered useful.\[[@ref10]\] In the present study, for pooled sample our logit reached 81.2% of correct sex determination, which confirmed to be possible determine gender by the Atlas. This results in agreement with other studies that analyzed the atlas vertebra, in which they found 80%--87% of correct sex attribution,\[[@ref15]\] trust levels between 75% and 85%,\[[@ref17]\] and 82% of confidence of sex estimation.\[[@ref18]\]

Considering the second cervical vertebra, it is possible to cite two studies, which the percent of males and females properly classified was, respectively, 79.2% and 83.3%\[[@ref10]\] and ranging from 81.7% to 83.4%.\[[@ref12]\]

Marlow and Pastor\[[@ref10]\] reported the functional relationship between the cranial base and the atlas and axis vertebrae, and the sex differences analyzing size and weight of skulls can explain the sexual dimorphism.

The mathematical logistic regression model built (logit): sex = −24.970 + 0.183 × A + 0.230 × D, where "A" represents anteroposterior diameter of the atlas and "D" represents the maximum transverse diameter of the atlas, results in 81.2% accuracy, 85.5% sensitivity, and 75.3% specificity.

Conclusion {#sec1-5}
==========

Although sex determination through the atlas first cervical vertebra is not commonly used, unlike what happens to several other osseous structures of the body, it is shown in this study the value of this particular bone for the sex estimation in forensic cases, since our results indicated 81.2% of correct percentage of sex determination.

Financial support and sponsorship {#sec2-1}
---------------------------------

The study was financially supported by Student Support Service (SAE), the Institutional Scientific Initiation Scholarship Program, and the National Council for Scientific and Technological Development (CNPq).

Conflicts of interest {#sec2-2}
---------------------

There are no conflicts of interest.

We would like to thank the Student Support Service (SAE), the Institutional Scientific Initiation Scholarship Program, and the National Council for Scientific and Technological Development (CNPq) for the funding to carry out the study.
